Introduction: Free radicals and oxidative stress play a central role in the generation and development of acute gastric mucosal
INTRODUCTION
Acute gastric mucosal lesions (AGML) are acute gastric mucosal lesions caused by many kinds of harmful stress factors, and are mainly characterized by gastric mucosal congestion, edema, inflammatory cell infiltration or erosion and superficial ulceration. AGML is one of the most common serious complications in clinical practice, especially for patients with severe burn wounds, major surgery, severe brain injury, severe infection and other urgent and critical populations (1) .
The factors that affect the occurrence and development of AGML are extremely complex, but excessive and persistent injury stress is the most important and direct factor to induce the occurrence and development of AGML. During oxidative stress, when the body is subjected to a variety of noxious stimuli, highly reactive molecules in the body, such as reactive oxygen species (ROS) and reactive nitrogen radicals (RNs), are overproduced, beyond the body's ability to eliminate the ROS; this results in an imbalance between the oxidation and antioxidation systems, which can result in intracellular lipid, protein and nucleic acid oxidative damage, eventually leading to apoptosis and tissue and organ damage (2) (3) . The oxidative stress is induced by injury, infection, ischemia, hypoxia and other factors. In the stress state, a large number of reactive oxygen species (ROS) is generated in the gastric mucosa, and excessive ROS can lead to oxidative stress, including lipid peroxidation of gastric mucosal vascular endothelial cells and gastric mucosa epithelial cells, protein oxidation and DNA damage. Moreover, ROS cause damage to gastric mucosal cells, blood vessels and other structures, which leads to AGML, by acting as a second messenger to activate different redox-sensitive signal transduction pathways, thus destroying the balance of gastric mucosal integrity (4) .
The main antioxidant defense enzymes are superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), glutathione reductase and catalase (CAT). Studies show that traditional chinese medicine suppresses oxidative stress states and tissue damage by improving the antioxidant enzyme activity to eliminate free radicals, thus inhibiting lipid peroxidation (5) . MDA is an important index to reflect the degree of lipid peroxidation in the body.
Polygonum hydropiper L is Polygonum dry grass that is found distributed in the slope and wetland regions and is widely used as a traditional Chinese herbal medicine in China. It has the function of strengthening the spleen and eliminating dampness, and dissipating blood stasis to relieve pain and swelling by detoxification; it is used clinically to treat acute gastroenteritis, diarrhea, dysentery, rheumatism and joint pain (6) . Moreover, the chemical composition of Polygonum hydropiper L mainly comprises flavonoids, volatile oil, tannins and other components (7) . Studies have shown that flavonoids are the main active substances of Polygonum hydropiper L, which is believed to possess various pharmacological activities such as antioxidant, antiinflammatory, antibacterial and others (8) .
Concerning the involvement of oxidative stress in gastric damage, the search for antioxidant substances is valuable, and many reports are available. Despite the evidence for the use of antioxidants, to the best of our knowledge (data retrieval), until now, there are no reports concerning the protective effect of Polygonum hydropiper L against acute gastric mucosal lesion models. Thus, the objective of the study is to explore the effect of Polygonum hydropiper L against oxidative stress and gastric tissue damage induced by EtOH administration in mice by evaluating markers of oxidative stress along with PGE2. The stem and leaves of Polygonum hydropiper Linn were collected from the Hainan province of China, and its identity was confirmed by our plant taxonomy research group. Voucher specimens were deposited in the School of Pharmaceutical Science, Hainan Medical University.
MATERIALS AND METHODS
The air-dried stem and leaves of Polygonum hydropiper L were extracted with water (2h, 98 °C) after grinding into powder. The solvent was removed under reduced pressure to afford the water decoction of Polygonum hydropiper L. The same extraction procedures were repeated once, and the obtained decoction was combined and concentrated to a concentration of 2g/ml under reduced pressure, thus obtaining the water extract of Polygonum hydropiper L.
After a 1-week adaptation period, the animals were randomly divided into five groups One hour after EtOH administration, the mice were euthanized by deep anesthesia with thiopental (60 mg g kg -1 intraperitoneally). Blood samples were collected from the orbit vein and centrifuged at 4000 g for 10 min. The supernatant was collected and set aside at -20 °C for the evaluation of serum biochemical indexes. Subsequently, the stomachs were removed from the abdominal cavity. The stomach was washed with a saline solution (sodium chloride [NaCl] 0.9%), and the glandular portion was separated for macroscopic evaluation. Afterward, the gastric tissue was homogenized in nine volumes of NaCl 0.9% using a homogenizer. A portion of the tissue homogenatewascentrifugedat3000g at 4 °Cfor10min to yield a supernatant that was used to measure the levels of MDA and the activity of the antioxidant enzymes SOD and GSH-Px. The remaining homogenate was used to measure the level of prostaglandin E2 (PGE2), a protective factor of the gastric mucosa, and nitric oxide (NO), an indicator of mucosal blood flow.
The stomachs were opened along the greater curvature and washed with 0.9% NaCl. A dissecting microscope was used to observe macroscopic lesions in the gastric mucosa in mice for gastric damage in the glandular part. The severity of gastric mucosal lesions was estimated using a lesion index. The length (mm) of each lesion was measured, and the lesion index was expressed as the sum of the length of all lesions as follows: a score of 1 was given for each 1 mm of length,
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Pictures of the gastritis were obtained at this stage.
The activity of SOD in serum and tissue and the measurement of GSH-Px were determined using a kit according to manufacturer's instruction. The content of MDA in the serum and tissue was determined using thiobarbituric acid (TBA).
The tissue content of PGE2 was analyzed by enzyme immunoassays using commercially available reagents according to the manufacturer's instructions. The level of NO in tissue was determined by the Griess assay.
MDA and NO levels, and SOD and GSH-Px activity, were normalized to the amount of stomach protein content. The protein quantification was performed using the Coomassie brilliant blue method, in which the maximum absorbance for the solution of Coomassie brilliant blue dye, due to its anion interaction with serum protein-NH3, occurs at 595 nm.
Statistical analyses
The experimental results were expressed as the mean ± SD. A one-way analysis of variance (ANOVA) was used for multiple comparisons followed by application of Duncan's test. P values less than 0.05 were considered significant.
RESULTS
The experimental results revealed a significant effect of EtOH on gastric tissue at the macroscopic level. The comparisons showed that a 1-h exposure to EtOH was able to cause injury to gastric The gastric mucosal injury index increased significantly in the model group, and compared to the model group, the water extract(0.89 g kg -1 , 1.78 g kg -1 ) groups had a distinctly decreased acute gastric mucosal damage index compared to the model group(P<0.05) (Fig 2) .
EtOH administration significantly decreased antioxidant activity in the animals in the experimental conditions used in this protocol. Significant antioxidant activity reduction of SOD and GSH-Px in the serum in the model group was observed compared with the normal control group, whereas the level of antioxidant SOD and GSH-Px was correspondingly decreased in gastric tissues in the model group. However, administration of the water extract (0.89 g kg -1 , 1.78 g kg -1 )to the animals for 5 days after an ethanol challenge remarkably up-regulated the SOD and GSH-Px level in serum and gastric tissues compared with mice exposed to the model group, and the two changes were consistent in the model and water extract groups. The results showed that the water extracts were able to attenuate the decrease in activity of two antioxidant enzymes (Fig 3A-C) .
The end product of membrane lipid peroxidation, MDA, was evaluated by measuring its reaction with thiobarbituric acid. in the rat stomach compared to the model group. Moreover, this effect of the extract on PGE2 was dose-related; a higher dose promoted the gastric mucosa to produce a greater level of PGE2 (Fig   5 A) .
Concerning the level of NO in gastric tissues, a 1-h exposure to EtOH could increase the level of NO in the stomach of mice. However, post-treatment with water extract resulted in a decreased NO level compared to the model group. Furthermore, ranitidine also caused a decrease in NO (Fig 5B) .
DISCUSSION
Acute gastric mucosal lesions that contribute to really high morbidity and mortality rates, is a multifactor gastric mucosal illness affecting 15% of seriously ill patients worldwide. The disease is recognized as be due to endogenous or exogenous stimulation, including ethanol exposure of the gastric mucosa, oxidative stress and more (9) .
Ethanol consumption induced degeneration and necrosis of gastric mucosal epithelial cells, as well as submucosal vascular endothelial damage and hemorrhage (10-11). Moreover, high concentrations of ethanol can directly damage gastric mucosa barrier, make the intragastric hydrogen ion diffuse into the gastric mucosa, further aggravate the damage of gastric mucosa, eventually leading to gastric mucosal erosion and bleeding (12) (13) . Accordingly, the gastric lesions model induced by ethanol administration is also an appropriate experimental model to evaluate the effects of tested drugs on gastric mucosal lesions. It is well known that ethanol consumption can result in acute gastric mucosal lesions, which is characterized by the generation of reactive oxygen species (ROS), epithelial cell degeneration and necrosis, and an imbalance between defensive and aggressive factors (14) .
Previous evidence indicated that oxygen free radical production caused by ethanol treatment and H2O2 was probably the accountable for the gastric damage. Exogenous H2O2 can diffuse across membranes quickly and destroy the intracellular antioxidant system, leading to a loss of function and causing cell damage that ultimately destroys cellular function. The current study showed that EtOH administration in mice caused macroscopic lesions to gastric tissue in the model groups; this destruction included congestion, hemorrhage, necrosis and edema. The harmful effect of EtOH on gastric tissue, and its ability to cause hemorrhage and edema, has previously been described. The current findings revealed that the extract significantly attenuated gastric mucosal injury by macroscopic observation, and it lowered the gastric mucosal damage index, clearly indicating that the extract can protect the gastric mucosa and reduce the mucosal damage induced by ethanol.
Under the catalysis of ADH, the ethanol would be transformed to acetaldehyde, acetaldehyde would be converted to into oxygen free radicals. Moreover, the ethanol can induce the infiltration of neutrophil into gastric mucosa with the release of radicals. The generation of reactive oxygen species (ROS) caused by alcohol consumption has been referred to as acute gastric mucosal lesions (15) (16) . Oxidative stress has been considered a crucial step in EtOH-induced mucosal damage and is one of the features most likely to precede cell death in gastric mucosal cells (17) . When there is impairment of the antioxidant system or an overabundance of ROS production, an imbalance between antioxidants and oxidants occurs, and oxidative stress occurs (18) .
Cells have a variety of antioxidant defenses to counteract the damage caused by excess ROS. The principal defense systems against ROS are the enzymes superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), glutathione reductase, catalase (CAT) and non-enzymatic antioxidant nutrients (19). Previous research shows that EtOH depletes the enzymes SOD, CAT and GSH-Px, and induces MDA, resulting in oxidative stress (5, 12) . Due to the convincing evidence of the involvement of ROS in EtOH toxicity, it would be worthwhile to find new antioxidant substances to counteract the injuries caused by EtOH; many reports are available describing such new antioxidant substances [20] [21] . In normal condition, the generation and removal of free radicals in the body is in a state of dynamic equilibrium. SOD is an important antioxidant enzyme that can scavenge oxygen free radicals produced from metabolism.
Previous studies have shown that gastric mucosal injury was largely related to reactive oxygen species (ROS) (22) . SOD mainly converts harmful super oxides into hydrogen peroxides, which are then decomposed to harmless water molecules and carbon dioxide molecule that alleviates gastric damage by preventing oxidative damage (23) . SOD activity can directly reflect the body's ability to clear ROS and the body's antioxidant system function. The severity of injury to the gastric mucosa was indicated by the activity of SOD (24) . Moreover, lipid peroxidation and lipid-derived free radicals like MDA can results in injury of the mitochondria and lysosomes (25) (26) (27) , accelerating the gastric mucosal injury.
The level of SOD and MDA are an mportant indicator to evaluate the degree of gastric lesions and the validity of the drug. MDA can be assessed by measuring thiobarbituric acid, which is an index of oxidative stress. We observed that EtOH exposure induced a decrease in SOD activity along with an increase in MDA in the gastric tissue and serum of mice. SOD inhibition has already been described after a 1-hour EtOH exposure and might have led to the increase of MDA observed in the model group. Thus, we can speculate that the large number of generated free radicals caused by EtOH overwhelmed the antioxidant capacity of the gastric tissue, inducing MDA and tissue damage. The extract was found to significantly enhance SOD activities while decreasing the MDA content in the serum and stomach homogenate.
It is well known that GSH is an important defense factor in gastric mucosal lesion because it not only possesses direct radical scavenging properties but is also essential for the antioxidant activity of some enzymes (28) . It has confirmed that increased GSH-PX activity will play a protective role in gastric mucosa. EtOH also affects GSH-Px activity in gastric tissue. Previous reports described the decline of GSH-Px activity after a 1-h EtOH exposure (29) (30) . In this study, we observed antioxidant effects of the extract because treatment with this extract raised GSH-Px activity in the tissue homogenate. Moreover, the extract was able to prevent changes in GSH-Px activity.
There is strong evidence that among gastric defenders, ethanol (EtOH) exhausts mucosal defensive actions (31) (32) . Studies have shown that gastric mucosal injury induced by ethanol leads to decreased prostaglandin E2 (PGE2) content. However, PGE2 is one of the major factors of the gastric mucosal defense.PGE2 can inhibit gastric acid secretion, increase gastric mucosal blood supply, promote mucus and bicarbonate secretion, protect against anti-oxygen free radical damage, enhance epithelial repair and regeneration ability, protect the gastric mucosal cells, maintain mucosal cells function, and enhance the gastric mucosal barrier defense capability; by these mechanisms and more, it plays an important role in the protection of the integrity of the gastric mucosa (33) . The current findings revealed that the extract could increasePGE2, a protective factor of the gastric mucosa. Its protective effect on the gastric mucosa might occur through increasing the content of PEG2 in the gastric tissue of mice in order to reduce the damage to the gastric mucosa.
Nitric monoxide (NO) is a messenger molecule and inflammatory mediator produced by nitric oxide synthase (NOS). NO can expand the gastric mucosal blood vessels, increase tissue blood supply, regulate mucus secretion, and protect the gastric epithelial cell morphology and function, all of which play a role in protecting the gastric mucosa. However, under stress, iNOS (Inducible nitric oxide synthase, after the cells are stimulated to produce and to play the efficacy)
will induce excessive NO production, and the conversion of NO to peroxynitrite causes injury to the gastric tissue (34) . The current findings revealed that the extract could maintain the gastric NO content and prevent the oxidative damage caused by the excessive increase in NO content, which is consistent with previous reports (35) .
Taken together, these findings indicate that the water extract from Polygonum hydropiper L was effective in protecting the gastric tissue against mucosal lesions caused by EtOH. The water extract might resist oxidative damage caused by EtOH by increasing the activity of SOD and GSHPx to accelerate free radical scavenging. Moreover, it could exert some protective action on gastric tissue by increasing the PGE2 content and regulating the NO level. Thus, we can propose the possibility that water extracts might present a remarkable protective effect on the gastric mucosa by their antioxidant mechanism.
CONCLUSION
The results obtained from this study showed that extracts from Polygonum hydropiper L exhibited significant protective effects against ethanol-induced AGML, and these are closely associated with antioxidant effect.
To the best of our knowledge, this is the first report on the effect of Polygonum hydropiper 
